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,QWURGXFWLRQ
7KH EUHHG DV EDVLF WD[RQRPLF HQWLW\ LQ DQLPDO IDUP EUHHGLQJ LV FKDUDFWHUL]HG E\ D QXPEHU RI KHUHGLWDU\
FKDUDFWHUVWKDWGLVWLQJXLVKLWIURPRWKHUEUHHGV*URVXDQG'UăJăQHVFX
)RUDORQJWLPHWKHFRPSDULVRQRIGLIIHUHQWVKHHSEUHHGVZDVDFKLHYHGH[FOXVLYHO\RQWKHEDVLVRIVRPHH[WHUQDO
PRUSKRORJ\GDWDWKHERG\DVSHFWWKHFRORXURIZRROWKHSUHVHQFHRUDEVHQFHRIKRUQVDQGWKHLUFRQILJXUDWLRQWKH
VKDSHRIIDLORUHDUV WKHDVSHFWRIKHDGHWF0RUDGL6KDKUEDEDNHWDO2]GHPLUHWDO.KDOGLHWDO
 $NLQ\HPL DQG 6DODNR  +RZHYHU WKHVH PDFURVFRSLF DQDO\VHV GHWHUPLQH YDJXH DQG EHODWHG FOXHV
FRQFHUQLQJWKHUHODWLRQVDPRQJWKHVHELRORJLFDOHQWLWLHVEHFDXVHWKHVHSKHQRW\SLFFKDUDFWHUVFDQEHODUJHO\LQIOXHQFHG
E\HQYLURQPHQWFRQGLWLRQVDQGEUHHGLQJWHFKQRORJLHV%XWPRUHDFFXUDWHLQIRUPDWLRQDERXWWKHVHLQWHUUHODWLRQVFDQ
EH VXSSOLHG E\ WKH EORRG SRO\PRUSK V\VWHPV WKHVH ELRVWUXFWXUHV EHLQJ LQGHSHQGHQW RI HDFK RWKHU DQG DUH QRW
DIIHFWHG E\ HQYLURQPHQW DQG WHFKQRORJLFDO IDFWRUV ,EHDJKD$ZHPX DQG (UKDUGW  5\FKOLN DQG .UDZF]\N
.KDOGLHWDO6RWKHWUXHUHODWLRQVKLSVHVWDEOLVKHGDPRQJYDULRXVEUHHGVVKRXOGEHRIJHQHWLFRUGHU
8QWLOQRWORQJDJRWKHFRPSDUDWLYHDQDO\VLVRIWKHSRO\PRUSKV\VWHPVDPRQJEUHHGVZDVDFKLHYHGE\PHDQVRI
FRPPRQPDWKHPDWLFDOVWDWLVWLFVIUHTXHQF\DQDO\VLVYDULDWLRQFRHIILFLHQWVLJQLILFDQFHWHVWLQJHWF2UGDVDQG6DQ
3ULPLWLYR1JX\HQHWDO6DUJHQW-3DLYDHWDO7DSLRHWDO.KDOGLHWDO
7KH H[LVWHQFH RI YDULDWLRQ RI WKH DOOHOLF IUHTXHQFLHV IURP GLIIHUHQW ORFL ZKLFK FRQWURO WKH EORRG SRO\PRUSKLVP
FUHDWHG WKH RSSRUWXQLW\ WR FDOFXODWH VRPH VWDWLVWLFDO LQGLFDWRUVZKLFKPHDVXUHPRUH H[DFWO\ WKH LQWHQVLW\ RI WKHVH
LQWHUUHODWLRQV+ULQFă,Q WKHILUVWSODFH WKHUHZDVXVHGDOPRVWH[FOXVLYHO\E\PRVWDXWKRUVDPDWKHPDWLFDO
VWDWLVWLFV SDUDPHWHU  WKH JHQHWLF GLVWDQFH D  ZKLFK H[SODLQV WKH JHQHWLF GLIIHUHQWLDWLRQ GHJUHH DPRQJ EUHHGV
0DQZHOODQG%DNHU9DOOHMRHWDO1JX\HQ5RGHURHWDO=DQRWL&DVDWLHWDO
,EHDJKD$ZHPX DQG (UKDUGW  .RZDOVND DQG =DWRĔ'REURZROVND  0RUDGL 6KDKUEDEDN HW DO 
2]GHPLUHWDO$NLQ\HPLDQG6DODNR+ULQFDHWDO%XWUHFHQWO\DWUXHUTXDQWLI\LQJLVFRQIHUUHG
E\ D FRQFHSW GHULYHG IURP LQIRUPDWLRQDO VWDWLVWLFV ± WKH LQIRUPDWLRQDO FRUUHODWLRQ &[\  H[SUHVVLQJPDLQO\ WKH
JHQHWLFVLPLODULW\RIWKHVHEUHHGV+ULQFă
,Q5RPDQLD WKHDXWRFKWKRQRXVVKHHSEHORQJ WR IRXUPDLQEUHHG W\SHV0HULQR7VLJDL7VXUFDQDDQG.DUDNXO
(DFKEUHHGKDVDVSHFLILFKHUHGLW\SDWULPRQ\DVDQH[SUHVVLRQERWKRILWVDGDSWDWLRQDWWKHHQYLURQPHQWDOLQZKLFKLW
OLYHVDQGRIWKHSHFXOLDULWLHVRIEUHHGLQJWHFKQRORJLHV*URVXDQG'UăJăQHVFX7KHUHIRUHWKLVVWXG\DFKLHYHV
DFRPSDUDWLYHDQDO\VLVFRQFHUQLQJ WKHGHJUHHRIJHQHWLFVLPLODULW\RUJHQHWLFGLIIHUHQWLDWLRQDPRQJ WKH5RPDQLDQ
VKHHSEUHHGVXVLQJERWKWKHLQIRUPDWLRQDOFRUUHODWLRQDQGWKHJHQHWLFGLVWDQFH
0DWHULDOVDQG0HWKRGV
7KH W\SLI\LQJ H[SHULPHQWDOZRUNV DW WKH OHYHO RI VRPH JHQHWLF SRO\PRUSKLF ORFLZHUH DFKLHYHG RQ IRXU VKHHS
SRSXODWLRQVEHORQJLQJWRWKHIRXULQGLJHQRXV5RPDQLDQEUHHGV0HULQR7VLJDL7VXUFDQDDQG.DUDNXO
7KHUHGHILQLQJRIELRORJLFDOUHODWLRQVDPRQJWKHVHEUHHGVE\VWDWLVWLFDOTXDQWLI\LQJZDVEDVHGRQWKHLQYHVWLJDWLRQ
RI  JHQHWLF V\VWHPV ILYH ELRFKHPLFDOJHQHWLF V\VWHPV KDHPRJORELQ WUDQVIHUULQ DOEXPLQ DP\ODVH DQG EORRG
SRWDVVLXPVL[LPPQXQRJHQHWLFV\VWHPVEORRGJURXSV\VWHPV$%&'0DQG52DQGWZRPROHFXODUJHQHWLF
V\VWHPVβODFWRJOREXOLQDQGFDOSDVWDWLQ
7KH SKHQRW\SHV RI SRO\PRUSK SURWHLQV KDHPRJORELQ WUDQVIHUULQ DOEXPLQ DQG DP\ODVH ZHUH LGHQWLILHG E\
HOHFWURSKRUHVLVPHWKRG XVLQJ WKH VWDUFK JHO DVPLJUDWLQJ VXEVWUDWXP7KH SRO\PRUSKLVP RI EORRG SRWDVVLXPZDV
KLJKOLJKWHGE\IODPHSKRWRPHWU\+ULQFă
7KHGHWHFWLRQRIEORRGJURXSIDFWRUVZDVSHUIRUPHGE\WKHKHPRO\WLFDVVD\PHWKRG+ULQFă
*HQRW\SLQJ RI VKHHS DWβODFWRJOREXOLQ DQG FDOSDVWDWLQ ORFLZDV GRQH E\ WKH 3&55)/3PHWKRG .HYRUNLDQ
/D]ăUHWDO
7KHgenetic distancesDDQGinformational correlationsCx,yDPRQJWKHVHVKHHSEUHHGVZHUHFDOFXODWHGE\WKH
1HLPHWKRG1HLDQGUHVSHFWLYHO\E\WKH2QLFHVFXPHWKRG2QLFHVFXDQGùWHIăQHVFXWKHLQWHQVLW\RI
LQIRUPDWLRQDOFRUUHODWLRQZDVH[SUHVVHGE\WKHinformational correlation coefficient (Rx,y) +ULQFă
7KH JUDSKLFDO UHSUHVHQWDWLRQ RI JHQHWLF YDULDWLRQ GHJUHH RI WKH DXWRFKWKRQRXV VKHHS EUHHGV EHQHILWHG IURP
WD[RQRPLF PHWKRGV cluster analysis CA multidimensional scaling MDS DQG discriminatory analysis DA
+ULQFă
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5HVXOWVDQG'LVFXVVLRQV
7KH PDWUL[ IRU GHILQLQJ WKH JHQHWLF GLVWDQFHV DQG LQIRUPDWLRQDO FRUUHODWLRQV DPRQJ WKH DXWRFKWKRQRXV VKHHS
EUHHGVZDVFRQVWUXFWHGRQWKHDOOHOLFIRUPXODRIWKHPHQWLRQHGV\VWHPV,QWKHFDOFXOXVDOJRULWKPWKHUHZHUHXVHG
WKHIUHTXHQFLHVRIDOOHOHVDVIROORZV
  DOOHOHV ZLWKLQ WKH biochemical-genetic systems WZR KDHPRJORELQ DOOHOHV +E$ DQG +E% WZR EORRG
SRWDVVLXPDOOHOHV.H/DQG.HKQLQHWUDQVIIHULQDOOHOHV7I,7I$7I*7I%7I&7I07I'7I(DQG7I3WZRDOEXPLQ
DOOHOHV$OE)DQG$OE6DQGWZRDP\ODVHDOOHOHV$P%DQG$P&)LJXUH
DOOHOHSDLUVZLWKLQWKHimmunogenetic systemsWZRDOOHOHV$D$DDQG$DWZRDOOHOHV%E%EDQG%E
WZRDOOHOHV%F%FDQG%FWZRDOOHOHV%G%GDQG%GWZRDOOHOHV%I%IDQG%IWZRDOOHOHV%J%JDQG%J
WZRDOOHOHV%L%LDQG%LWZRDOOHOHV&D&DDQG&DWZRDOOHOHV&E&EDQG&EWZRDOOHOHV'D'DDQG
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0DDQG0D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5DQG5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2DQG2)LJXUH
 IRXU DOOHOHV ZLWKLQ WKHmolecular-genetic systems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 
)LJ$OOHOLFVWUXFWXUHVDWWKHORFLRIβODFWRJOREXOLQ/JEDQGFDOSDVWDWLQ&DVWV\VWHPVLQWKH5RPDQLDQVKHHSEUHHGV
)URPWKHELRFKHPLFDOJHQHWLFLPPXQRJHQHWLFDQGPROHFXODUJHQHWLFSRLQWRIYLHZLQDOOEUHHGVLWFRPHVRXWWKH
XQHTXDO GLVWULEXWLRQ RI DOOHOHV ZLWKLQ WKH DOO SRO\PRUSK V\VWHPV ,Q WKH LPPXQRJHQHWLF DQG PROHFXODUJHQHWLF
V\VWHPVDOODOOHOHVDUHH[SUHVVHGLQDOOIRXUEUHHGVZKLOHLQWKHELRFKHPLFDOJHQHWLFV\VWHPVWKHDOOHOHQXPEHULVQRW
WKHVDPHLQDOOEUHHGVHVSHFLDOO\LQWKHWUDQVIHUULQV\VWHPVRPHDOOHOHVPLVVLQJIURPWKHSRO\PRUSKSDQHO$WWKH
VDPHWLPHZLWKLQHDFKV\VWHPWKHDOOHOHLQFLGHQFHVDUHGLIIHUHQWLQDOOWKHIRXUEUHHGV)LJXUHV
7KH GLVWULEXWLRQDO SDUWLFXODULWLHV RI DOOHOHV QXPEHU IUHTXHQFLHV GLVSHUVLRQ UDWLR DPRQJ WKHP HWF LQ HDFK
JHQHWLFV\VWHPZLWKLQHDFKVKHHSEUHHGGHWHUPLQHGLVWLQFWVL]HVRI WKHWZRVWDWLVWLFDOSDUDPHWHUVJHQHWLFGLVWDQFH
DQGLQIRUPDWLRQDOFRUUHODWLRQLQUHODWLRQZLWKWKHJHQHWLFVSHFLILFLW\RIWKHVHSRO\PRUSKVWUXFWXUHV
)LUVWO\FRQVLGHULQJWKHHQVHPEOHRIWKHSRO\PRUSKJHQHWLFV\VWHPVWDNHQLQWKLVVWXG\WKHKLJKHVWFRHIILFLHQW
RILQIRUPDWLRQDOFRUUHODWLRQDUHUHJLVWHUHGDPRQJWKH0HULQRDQG7VLJDLEUHHGVWKHVHWZRWD[RQRPLFHQWLWLHVEHLQJ
YHU\OLWWOHRXWGLVWDQFHGDPRQJWKHPIURPWKHJHQHWLFSRLQWRIYLHZ7KHORZHVWJHQHWLFVLPLODULW\GHJUHHLVREVHUYHG
EHWZHHQWKLVJURXSLQFOXGLQJWKHWZREUHHGVRQWKHRQHKDQGDQGWKH.DUDNXOEUHHGRQWKHRWKHUKDQGFRQVLGHUDEOH
GLPHQVLRQVRIWKHJHQHWLFGLVWDQFHVEHLQJUHFRUGHG7KH7VXUFDQDEUHHGSUHVHQWVDQLQWHUPHGLDWHJHQHWLFGLIIHUHQWLDWLRQ
GHJUHHEHWZHHQWKH0HULQRDQG.DUDNXOVKHHSKRZHYHUWKHJHQHWLFVLPLODULW\RIWKH7VXUFDQDEUHHGLVPXFKPRUH
PDUNHGZLWKWKH.DUDNXOEUHHGWKDQZLWKWKHRWKHUWZRDXWRFKWKRQRXVVKHHSEUHHGVIURP5RPDQLD7KH7VXUFDQD
EUHHGUHFRUGVDVLPLODUJHQHWLFVLPLODULW\GHJUHHERWKZLWKWKH0HULQRDQGZLWK7VLJDLVKHHSZKLOHWKH.DUDNXOLV
VOLJKWO\JHQHWLFDOO\FORVHUWR7VLJDLWKDQWR0HULQR7KHJHQHWLFUHODWLRQEHWZHHQWKH.DUDNXODQG7VXUFDQDEUHHGVLV
YHU\VWURQJEXWVOLJKWO\ORZHUWKDQWKHRQHEHWZHHQWKH0HULQRDQG7VLJDLEUHHGV7DEOH)LJXUH
7DEOH*HQHWLFGLVWDQFHV'DQGLQIRUPDWLRQDOFRUUHODWLRQV5[\FRHIILFLHQWVDPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJWKHRYHUDOO
VWUXFWXUHRIJHQHWLFV\VWHPV
6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO 
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
 5[\  


)LJ,QIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWV5[\DPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJWKHRYHUDOOVWUXFWXUHWKHJHQHWLFV\VWHPV









0HULQR 7VLJDL 7VXUFDQD .DUDNXO

$OOHOH/JE /JE$ /JE%










0HULQR 7VLJDL 7VXUFDQD .DUDNXO

$OOHOH+E &DVW$ &DVW%










0HULQR7VLJDL 0HULQR7VXUFDQD 0HULQR.DUDNXO 7VLJDL7VXUFDQD 7VLJDL.DUDNXO 7VXUFDQD.DUDNXO
,QIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWV 5[\
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2QWKHEDVLVRIYDOXHVRI WKHVHVWDWLVWLFDOSDUDPHWHUVVRPHVWUXFWXUHVZLWKUHSUHVHQWDWLRQ LQELGLPHQVLRQDOSODQ
FDQ EH REWDLQHG XVLQJ QXPHULFDO FODVVLILFDWLRQPHWKRGV RI ELRORJLFDO V\VWHPVZKLFK H[SUHVVPRUH HORTXHQWO\ WKH
JHQHWLFGLIIHUHQWLDWLRQDQGVLPLODULW\GHJUHHDPRQJWKHVKHHSEUHHGV
hierarchical structure by cluster analysis CA LOOXVWUDWHV WKH ELRORJLFDO V\VWHP VWUXFWXUH V\VWHP HOHPHQWV 
UHODWLRQVDPRQJWKHP7KLVDQDO\VLVVKRZVWKHZD\LQZKLFKWKHLQGLJHQRXVVKHHSEUHHGVDUHJHQHWLFDOO\GLIIHUHQWLDWHG
DPRQJWKHPRUJURXSHGZLWKHDFKRWKHUWKXVUHVXOWLQJDhierarchical tree with distinct branches)LJXUH


)LJ+LHUDUFKLFDOVWUXFWXUHE\FOXVWHUDQDO\VLV
topological structure by multidimensional scalingMDSVXJJHVWVWKHVSDWLDOFRQILJXUDWLRQRIELRORJLFDOV\VWHP
WRSRJUDSKLF DUUDQJHPHQW ZD\ RI LWV HOHPHQWV 7KLV PHWKRG LV XVHIXO WR YLVXDOO\ HYDOXDWH WKH JHQHWLF GLVWDQFHV
DPRQJ WKHDXWRFKWKRQRXV VKHHSEUHHGV DVZHOO DV WKHSRVLWLRQRI HDFKEUHHGFRPSDUHG WRRWKHUEUHHGVZLWKLQ WKH
RYLQHVSHFLHVIURP5RPDQLD)LJXUH


)LJXUH7RSRORJLFDOVWUXFWXUHE\PXOWLGLPHQVLRQDOVFDOLQJ
- extracted factor space by discriminatory analysis DA HVWLPDWHV WKH SUREDEOHPHPEHUVKLSRI DQREMHFW WR D
FHUWDLQREMHFWFODVVWD[RQ7KLVDQDO\VLVSUHVHQWVWD[RQRPLFLQWHUHVWWRGHWHUPLQHWRZKLFKEUHHGFHUWDLQLQGLYLGXDOV
VKHHSEHORQJKDYLQJUHJDUGWKHLUTXDOLWDWLYHJHQHWLFWUDLWV)LJXUH
6HFRQGO\ WKH LQIRUPDWLRQDO FRUUHODWLRQV DQG JHQHWLF GLVWDQFH DPRQJ WKH DXWRFKWKRQRXV EUHHGV VKRZ VRPH
SHFXOLDULWLHVLQUHODWLRQWRWKHVSHFLILFLW\RIWKHWKUHHW\SHVRIJHQHWLFV\VWHPV7DEOH
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
)LJXUH([WUDFWHGIDFWRUVSDFHE\GLVFULPLQDWRU\DQDO\VLV
7DEOH*HQHWLFGLVWDQFHV'DQGLQIRUPDWLRQDOFRUUHODWLRQV5[\FRHIILFLHQWVDPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJWKHRYHUDOO
VWUXFWXUHRQWKHW\SHRIJHQHWLFV\VWHP
*HQHWLFV\VWHPW\SHV 6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO 
%LRFKHPLFDOJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
,PPXQRJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
0ROHFXODUJHQHWLF
V\VWHPV
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  

$OVR LQ WKH ELRFKHPLFDOJHQHWLF V\VWHPV WKH FORVHVW UHODWLRQVKLS DUH WKH RQHEHWZHHQ0HULQR3DODV DQG7VLJDL
IROORZHGE\ WKHRQHEHWZHHQ7VXUFDQDDQG.DUDNXO%XW WKHJHQHWLFGLIIHUHQWLDWLRQRI WKH.DUDNXOEUHHG LVPRUH
SURQRXQFHGFRPSDUHGWR7VLJDLEXWHVSHFLDOO\ZLWK0HULQRWKDQZKHQWKHPDWUL[XVHGLQWKHFDOFXODWLRQDOJRULWKP
DOOWKHWKUHHJHQHWLFW\SHV,QWKLVFDVHWKH7VXUFDQDEUHHGPDQLIHVWVDVOLJKWO\KLJKHUVLPLODULW\GHJUHHZLWK7VLJDL
EUHHGWKDQZLWK0HULQRVKHHS$WWKHVDPHWLPHWKHJHQHWLFGLIIHUHQWLDWLRQRIWKH.DUDNXOFRPSDUHGWR0HULQRDQG
7VLJDLLVPRUHREYLRXVWKDQWKHRQHEHWZHHQ7VXUFDQDEUHHGDQG0HULQRDQG7VLJDLVKHHS
,Q WKH LPPXQRJHQHWLF V\VWHPV7VXUFDQD LV WKHEUHHGZKLFK LVPRUHGLIIHUHQWLDWHG WR WKH VDPHH[WHQWERWK WR
0HULQRDQGWR7VLJDLWKDQWKH.DUDNXOEUHHG0RUHRYHUWKHJHQHWLFGLVWDQFHEHWZHHQ7VLJDLDQG.DUDNXOLVDOLWWOH
ELJJHUWKDQEHWZHHQ7VXUFDQDDQG.DUDNXO%HVLGHVWKH.DUDNXOVKHHSDFKLHYHVLJQLILFDQWLQIRUPDWLRQDOFRUUHODWLRQ
FRHIILFLHQWVZLWKDOOWKHWKUHHDXWRFKWKRQRXVVKHHSEUHHGV
7KH PDWUL[ RI JHQHWLF GLIIHUHQWLDWLRQ RU VLPLODULW\ RI WKH PROHFXODUJHQHWLF V\VWHPV VKRZV WKH VDPH IHDWXUHV
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FRQFHUQLQJ WKHKLHUDUFK\RI UHODWLRQVDPRQJWKHDXWRFKWKRQRXVVKHHSEUHHGVDV LQ WKHFDVHRIELRFKHPLFDOJHQHWLF
V\VWHPV EXW WKH JHQHWLF GLVWDQFHV DPRQJ DOO WKH IRXU EUHHGV DUH VPDOO VR WKDW WKH IRXU 5RPDQLDQ VKHHS EUHHGV
SUHVHQWKLJKJHQHWLFVLPLODULW\GHJUHHVIURPPROHFXODUJHQHWLFSRLQWRIYLHZ
&RQVHTXHQWO\WKHJHQHWLFVLPLODULW\DPRQJWKH5RPDQLDQVKHHSEUHHGVLVODUJHO\JLYHQE\WKHPROHFXODUJHQHWLF
V\VWHPVZKLOHWKHELRFKHPLFDOJHQHWLFV\VWHPVGHWHUPLQHLQFUHDVLQJWKHJHQHWLFGLVWDQFHVDPRQJVRPHEUHHGV7KH
FRQWULEXWLRQ RI LPPXQRJHQHWLF VWUXFWXUHV WR WKH VLPLODULW\ RU GLIIHUHQWLDWLRQ RI WKH DXWRFKWKRQRXV VKHHS EUHHGV
UDQJHVEHWZHHQWKHWZRJHQHWLFV\VWHPVUHIHUUHGWRDERYH
7KLUGO\DQDO\VLQJHDFKLQGLYLGXDOO\JHQHWLFV\VWHPWKHGLPHQVLRQVRIWKHWZRVWDWLVWLFDOLQGLFDWRUVGHSHQGRQWKHDOOHOH
QXPEHUWKHUDWLRDPRQJWKHPWKHLUVSUHDGLQJZLWKLQWKHV\VWHPVWKHSRO\PRUSKLVPGHJUHHRIV\VWHPVHWF7DEOHV
7KH KLJK LQFLGHQFH RI +E% DOOHOH DQG UHODWLYHO\ ORZ IUHTXHQF\ RI +E$ DOOHOH LQ DOO 5RPDQLDQ VKHHS EUHHGV
GHWHUPLQH WKDW WKH JHQHWLF GLVWDQFHV DPRQJ WKHVH EUHHGV WR EH VPDOO HQRXJK ZLWKLQ WKLV V\VWHP $OWKRXJK WKH
LQIRUPDWLRQDO FRUUHODWLRQ FRHIILFLHQWV DUH JUHDW HQRXJK DPRQJ WKHVH IRXU EUHHGV WKH 0HULQR VKHHS DUH OLJKWO\
GLIIHUHQWLDWHGRI7VLJDLDQG.DUDNXOEUHHGV7DEOH
7DEOH*HQHWLFGLVWDQFHV'DQGLQIRUPDWLRQDOFRUUHODWLRQV5[\FRHIILFLHQWVDPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJLQGLYLGXDO
VWUXFWXUHRIWKHELRFKHPLFDOJHQHWLFV\VWHPV
%LRFKHPLFDOJHQHWLF
V\VWHPV 6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO

+DHPRJORELQV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
3RWDVVLXPV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
7UDQVIHUULQV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
$OEXPLQV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
$P\ODVHV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
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7KHPLQHUDOPRQRPRUSKLVPRIWKH0HULQRVKHHSDWWKH.HORFXVIRU./DOOHOHDVZHOODVWKHORZIUHTXHQF\RI.K
DOOHOHLQWKH7VLJDLEUHHGOHDGVWRYHU\VWURQJUHODWLRQVDPRQJWKHVHWZREUHHGV2QWKHFRQWUDU\WKHSUHSRQGHUDQFH
RI.KDOOHOHLQ.DUDNXOIRUFHVWKLVEUHHGWREHYHU\RXWGLVWDQFHGIURPJHQHWLFSRLQWRIYLHZLQFRPSDULVRQZLWKWKH
WKUHHPHQWLRQHGEUHHGVHVSHFLDOO\FRPSDUHGWR0HULQR7DEOH
,Q WKH WUDQVIHUULQ V\VWHP DOO WKH QLQH DOOHOHV DUH SUHVHQW LQ WKH 7VLJDL VKHHS ,Q 0HULQR VKHHS WKH 7I, DOOHOH
DEVHQWVDQGLQ7VXUFDQDDQG.DUDNXOEUHHGVWKH7I,DQG7I3DOOHOHVDQGUHVSHFWLYHO\WKH7I,7I*DQG7I3DOOHOHVDUH
QRWIRXQG,QWKLVV\VWHPWKHUHLVWKHPRVWKHWHURJHQHRXVDOOHOLFGLVWULEXWLRQ,QWKH0HULQRVKHHSWKH7I$7I0DQG
7I'DOOHOHVSUHYDLOLQ7VLJDLWKH7I$7I%7I0DQG7I'DOOHOHVDUHPRUHIUHTXHQWLQ7VXUFDQDWKH7I$7I%7I&DQG
7I0DOOHOHVKDYHKLJKHULQFLGHQFHVZKLOHLQ.DUDNXORQO\WKHIUHTXHQFLHVRIWKH7I%DQG7I&DOOHOHVDUHUHPDUNDEOH
7KH PRVW ZHOOEDODQFHG GLVWULEXWLRQV DUH LQ WKH 7VLJDL DQG 7VXUFDQD EUHHGV WKH GLIIHUHQFHV DPRQJ WKH DOOHOLF
IUHTXHQFLHV EHFRPHPRUHREYLRXV LQ0HULQREUHHG DQG LQ.DUDNXO VKHHS WKH DOOHOH VSUHDGLQJ LV YHU\XQXQLIRUP
ZLWK YHU\ KLJK IUHTXHQFLHV RI WKH7I% DQG7I& DOOHOHV DQG YHU\ ORZ LQFLGHQFHV RI WKH RWKHU DOOHOHV 7KH UHOHYDQW
ELRFKHPLFDOJHQHWLF VLPLOLWXGH LQ WUDQVIHUULQ V\VWHP LQ 0HULQR DQG 7VLJDL EUHHGV GHWHUPLQHV WKDW WKH JHQHWLF
GLVWDQFHVDPRQJWKHPWREHUHGXFHG7KHVDPHXQVLJQLILFDQWJHQHWLFRXWGLVWDQFLQJLVUHJLVWHUHGEHWZHHQ7VXUFDQD
DQG.DUDNXOEUHHGV7KHPRUHXQLIRUPUHSDUWLWLRQRI WKH7IDOOHOHV LQ WKH0HULQRDQG7VLJDLEUHHGVDQG WKHYHU\
GLVSURSRUWLRQDWH LQFLGHQFHV RI WKHVH DOOHOHV LQ WKH .DUDNXO VKHHS GHWHUPLQH YHU\ ZHDN LQIRUPDWLRQDO FRUUHODWLRQ
FRHIILFLHQWVEHWZHHQWKHILUVWWZREUHHGVDQGWKH.DUDNXOEUHHG$OWKRXJKWKH.DUDNXODQG7VXUFDQDEUHHGVSUHVHQW
DPDUNHGJHQHWLFVLPLODULW\WKH7VXUFDQDDFKLHYHVUHODWLYHO\UHOHYDQWLQIRUPDWLRQDOFRUUHODWLRQVZLWKWKHRWKHUWZR
EUHHGVWRRHVSHFLDOO\ZLWK7VLJDL7DEOH
,QWKHDOEXPLQV\VWHPWKHJHQHWLFGLVWDQFHVDPRQJWKHIRXUVKHHSEUHHGVDUHYHU\VPDOODQGXQVLJQLILFDQW7KH
7VXUFDQDDQG.DUDNXOEUHHGVEHLQJPRQRW\SLFDODWWKH$OEORFXVIRU$OE6DOOHOHWKH\SUHVHQWDQDEVROXWHJHQHWLF
VLPLODULW\WKHJHQHWLFGLVWDQFHEHWZHHQWKHPEHLQJQXOO,QWKH0HULQRDQG7VLJDLEUHHGVEHVLGHVWKHSUHYDOHQWRI
$OE6 DOOHOH WKH$OE) DOOHOH RFFXUV VSRUDGLFDOO\ WRR GHWHUPLQLQJ DPLQRU JHQHWLF GLIIHUHQWLDWLRQ DPRQJ WKHVH WZR
EUHHGV7DEOH
7KHVDPHVLWXDWLRQLVREVHUYHGLQWKHDP\ODVHV\VWHPWRREXWKHUHEHVLGHVWKH7VXUFDQDDQG.DUDNXOEUHHGV
WKHPRQRW\SLVP IURP WKH$P ORFXV IRU$P% DOOHOH LV DOVRPDQLIHVWHG LQ WKH0HULQR VKHHS DPRQJ WKHVH WKUHH
EUHHGVEHLQJQRJHQHWLFGLIIHUHQWLDWLRQ,QWKH7VLJDLVKHHSLQZKLFKEHVLGHVWKHYHU\KLJKGLVVHPLQDWLRQRI$P%
DOOHOHDOVRWKH$P&DOOHOHDSSHDUVZLWKDORZLQFLGHQFH LWFRPHVRXWDQLQILQLWHVLPDOJHQHWLFGLIIHUHQWLDWLRQRI
7VLJDL VKHHS LQ FRPSDULVRQ ZLWK WKH WKUHH EUHHGV DV VXFK WKH LQIRUPDWLRQDO FRUUHODWLRQ DPRQJ WKHP LV KLJK
HQRXJK7DEOH
,QWKHEORRGJURXSV\VWHPVWKHFKDUDFWHULVWLFVRIWKHWZRLQIRUPDWLRQDOVWDWLVWLFVSDUDPHWHUVDUHGHSHQGHQWRQWKH
UDWLR EHWZHHQ WKH GRPLQDQW DQG UHFHVVLYH DOOHOHV RI HDFK EORRG IDFWRU RQ WKH LPPXQRJHQHWLF HQGRZPHQW ZLWK
HU\WKURF\WHIDFWRUVRIDOOEORRGV\VWHPVDQGHVSHFLDOO\RQWKHGLVWULEXWLRQRIWKHVHIDFWRUVLQHDFKV\VWHPZLWKLQHDFK
EUHHG *HQHUDOO\ WKH 7VXUFDQD EUHHG KDV D ULFKHU LPPXQRJHQHWLF GRZU\ LQ PRVW V\VWHPV WKDQ WKH WKUHH VKHHS
EUHHGV7KHUHIRUH LW GLIIHUV IURP WKH RWKHU WKUHHEUHHGV LQ OHVVHU GHJUHH %' DQG52 V\VWHPV RU LQ DJUHDWHU
H[WHQWV\VWHP$,QDOOWKHVHIRXUV\VWHPVWKHPRVWLPSRUWDQWLQIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWVRFFXUEHWZHHQ
WKH0HULQR DQG7VLJDLEUHHGV7KH.DUDNXO VKHHS UHFRUGV FRQVLGHUDEOH LPXXQRJHQHWLF VLPLODULW\GHJUHHVZLWK DOO
EUHHGVHVSHFLDOO\LQWKH52V\VWHP%XWLQWKHV\VWHP$WKHJHQHWLFGLVWDQFHVRIWKH.DUDNXODUHPRUHREYLRXVO\
HVSHFLDOO\ FRPSDUHG WR 7VXUFDQD ,Q WKH V\VWHP & WKH .DUDNXO EUHHG LV FRQVWDQWO\ PRUH GLVWDQW IURP
LPPXQRJHQHWLFDOO\SRLQWRIYLHZWRWKH0HULQRDQG7VXUFDQDDQGWKHUHODWLRQVKLSEHWZHHQ.DUDNXODQG7VLJDLLVD
ELW FORVHU$OVR LQ WKLV V\VWHP WKH JHQHWLF GLVWDQFH EHWZHHQ0HULQR DQG7VLJDL LV VKRUW DQG7VXUFDQDSUHVHQWV D
KLJKHU VLPLODULW\ZLWK0HULQR WKDQZLWK 7VLJDL ,Q WKH V\VWHP0 WKHUH LV WKH RQO\ VLWXDWLRQ LQZKLFK WKH ORZHVW
JHQHWLFVLPLODULW\EHWZHHQ0HULQRDQG7VLJDLRFFXUVWKHJHQHWLFGLVWDQFHEHWZHHQWZREUHHGVEHLQJYHU\ELJ7KH
EHVWLQIRUPDWLRQDOFRUUHODWLRQRIWKH0HULQRLVDFKLHYHGZLWK.DUDNXO$OVRWKH.DUDNXOLVYHU\FORVHWR7VLJDLEXW
PRVWO\WR7VXUFDQD%\FRQWUDVWWKH7VXUFDQDGLIIHUVVLJQLILFDQWO\WR0HULQRDQGDFKLHYHVDYHU\KLJKLQIRUPDWLRQDO
FRUUHODWLRQFRHIILFLHQWZLWK7VLJDLVKHHS7DEOH
,Q WKH WZRPROHFXODUJHQHWLF V\VWHPV WKH GLIIHUHQWLDWLRQ GHJUHH DPRQJ WKH DXWRFKWKRQRXV EUHHGV LV YHU\ ORZ
7DEOH7KXV LQ WKH FDOSDVWDWLQ V\VWHP WKHGLIIHUHQFHV DUH LQILQLWHVLPDO VR WKDW WKH LQIRUPDWLRQDO FRUUHODWLRQV
DPRQJ DOO EUHHGV DUH YHU\ VWURQJ2QO\ LQ WKHβODFWRJOREXOLQ V\VWHP VRPH GLIIHUHQFHV DUH DPRQJ WKH YDOXHV RI
LQIRUPDWLRQDOFRUUHODWLRQFRHIILFLHQWVEXWWKHVHDUHXQVLJQLILFDQW

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7DEOH*HQHWLFGLVWDQFHV'DQGLQIRUPDWLRQDOFRUUHODWLRQV5[\FRHIILFLHQWVDPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJLQGLYLGXDO
VWUXFWXUHRIWKHLPPXQRJHQHWLFV\VWHPV
,PPXQRJHQHWLF
V\VWHPV 6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO 
6\VWHP$
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
6\VWHP%
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
6\VWHP&
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
6\VWHP'
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
6\VWHP0
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
6\VWHP52
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  

7KHPDWKHPDWLFDODQGLQIRUPDWLRQDOVWDWLVWLFVDQDO\VLVZLWKLQHDFKSRO\PRUSKV\VWHPVKRZVWKDWWKHTXDQWLI\LQJ
RIWKHJHQHWLFUHODWLRQVDPRQJWKHVHEUHHGVLVDFFRUGLQJWRWKHSRO\PRUSKLVPGHJUHHRIWKHJHQHWLFV\VWHPV,QWKH
DP\ODVHV\VWHPZLWKWKHZHDNHVWSRO\PRUSKLVPDOOEUHHGVSUHVHQWDKLJKGHJUHHRIJHQHWLFVLPLODULW\6OLJKWVLJQV
RIJHQHWLFGLIIHUHQWLDWLRQEHJLQWRDSSHDULQWKHDOEXPLQV\VWHPEXWLWLVXQVLJQLILFDQW,QWKHV\VWHPVZLWKPRGHUDWH
SRO\PRUSKLVPZLWKFRGRPLQDQW KDHPRJORELQβODFWRJOREXOLQDQGFDOSDVWDWLQDQGHSLVWDWLF 52 LQKHULWDQFH LW
FRPHVRXWVRPHFOHDUHUGLIIHUHQWLDWLRQVDPRQJWKHVHEUHHGV,Q WKHV\VWHPVZLWKFRPSOHWHGRPLQDQFH LQKHULWDQFH
$%&'DQG0WKHJHQHWLFGLIIHUHQWLDWLRQLVPRUHREYLRXV,QWKHPRGHUDWHSRO\PRUSKV\VWHPVZLWKFRPSOHWH
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GRPLQDQFH LQKHULWDQFH EORRG SRWDVVLXP DQG LQ WKH PRVW SRO\PRUSK V\VWHP WUDQVIHUULQ WKH LQIRUPDWLRQDO
FRUUHODWLRQVDPRQJEUHHGVDUHORZHUFRPSDUHGWRWKHRWKHUV\VWHPVWKHJHQHWLFVLPLODULW\DPRQJEUHHGVEHLQJYHU\
HPSKDVL]HG,QWKLVFRQWH[WLQWHUPVRIWKHWUHHW\SHVRIJHQHWLFV\VWHPVWKHGHFUHDVHGSRO\PRUSKLVPRIPROHFXODU
JHQHWLFV\VWHPVGHWHUPLQHVDFRQVLGHUDEOHVLPLOLWXGHDPRQJWKHDXWRFKWKRQRXVVKHHSEUHHGVRQ WKHFRQWUDU\ WKH
HPSKDVL]HG SRO\PRUSKLVP RI ELRFKHPLFDOJHQHWLF V\VWHPV FRQWULEXWH WR DQ REYLRXV GLIIHUHQWLDWLRQ DPRQJ WKHVH
EUHHGV WKH PRGHUDWH SRO\PRUSKLVP RI LPPXQRJHQHWLF V\VWHPV SODFH WKH UHODWLRQV DPRQJ WKH 5RPDQLDQ VKHHS
EUHHGVLQDPHGLDQSRVLWLRQEHWZHHQWKHELRFKHPLFDODQGPROHFXODUV\VWHPV
7DEOH*HQHWLFGLVWDQFHV'DQGLQIRUPDWLRQDOFRUUHODWLRQV5[\FRHIILFLHQWVDPRQJWKH5RPDQLDQVKHHSEUHHGVFRQFHUQLQJLQGLYLGXDO
VWUXFWXUHRIWKHPROHFXODUJHQHWLFV\VWHPV
,PPXQRJHQHWLF
V\VWHPV 6KHHSEUHHG 0HULQR 7VLJDL 7VXUFDQD .DUDNXO

ȕ/DFWRJOREXOLQ
V\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  
&DOSDVWDWLQV\VWHP
0HULQR    
'7VLJDL    
7VXUFDQD    
.DUDNXO     
  5[\  

*HQHUDOO\ERWKRQWKHZKROHQHVVRIWKHSRO\PRUSKV\VWHPVDQGZLWKLQHDFKELRFKHPLFDOV\VWHPWKH5RPDQLDQ
VKHHSEUHHGVDUHGLYLGHGLQWZRJURXSVFRQFHUQLQJWKHFRQILJXUDWLRQRIWKHVWDWLVWLFDOSDUDPHWHUV2QWKHRQHKDQG
WKHUHLVWKHJURXSRIVKHHSZLWKVKRUWVLON\VRIWILQHDQGVHPLILQHZRRO0HULQRDQG7VLJDLDQGRQWKHRWKHUKDQG
WKHUHLVWKHJURXSRIVKHHSZLWKORQJFRDUVHUURXJKDQGFDOORXVZRRO7VXUFDQDDQG.DUDNXO,QVLGHRIERWKJURXSV
WKHLQIRUPDWLRQDOFRUUHODWLRQVDPRQJWKHUHVSHFWLYHEUHHGVDUHYHU\KLJKGHWHUPLQLQJOHVVHUREYLRXVJHQHWLFGLVWDQFHV
,QH[FKDQJHDPRQJWKHEUHHGVEHWZHHQWKHWZRJURXSVWKHJHQHWLFVLPLODULW\EHFRPHVPRUHUHGXFHGWKHJHQHWLF
GLVWDQFHVKDYLQJPRUHVLJQLILFDQWGLPHQVLRQV7KHPRVWPDUNHGJHQHWLFGLIIHUHQWLDWLRQVDUHREVHUYHGEHWZHHQ.DUDNXO
DQGWKHJURXSRI0HULQRDQG7VLJDLVKHHS7KH7VXUFDQDEUHHGDOWKRXJKSUHVHQWVDKLJKJHQHWLFVLPLODULW\GHJUHHZLWK
.DUDNXOLWPDQLIHVWVVRPHPRUHRUOHVVREYLRXVJHQHWLFVLPLOLWXGHVWRWKHVKHHSZLWKILQHDQGVHPLILQHZRROWRR
7KH JHQHWLF VLPLODULW\ RU WKH JHQHWLF GLIIHUHQWLDWLRQ DPRQJ WKH DXWRFKWKRQRXV VKHHS EUHHGV UHIOHFWV WKH
FRQYHUJHQWRUGLYHUJHQWHYROXWLRQGLUHFWLRQVLQWKHLUELRWRSHEXWHVSHFLDOO\WKHVLPLODURUVSHFLDOVHOHFWLRQV\VWHPV
XVHGIRUWKHLPSURYHPHQWRIWKH5RPDQLDQVKHHSEUHHGV
7KHLQYHVWLJDWLRQVRQWKHDOOHOLFVWUXFWXUHVIURPWKHOHYHORIYDULRXVORFLRIJHQHWLFV\VWHPVLQVKHHSDQGDPRUH
DFFXUDWHLQIRUPDWLRQDOVWDWLVWLFDOTXDQWLI\LQJRIWKHELRORJLFDOUHODWLRQVDPRQJGLIIHUHQWVKHHSEUHHGVRQWKHEDVLVRI
WKHVH VWUXFWXUHVRIIHU FRPSOHPHQWDU\ DQG VXSSOHPHQWDU\ LQIRUPDWLRQ DERXW WKHJHQHWLFYDULDELOLW\ LQ WKLV VSHFLHV
7KLV LQYHQWRU\ RI JHQHWLF UHVRXUFHV LV YHU\ XVHIXO WR HODERUDWH VRPH SUHVHUYDWLRQ SURJUDPPHV RI WKH JHQHWLF
SRWHQWLDOLQWKHEUHHGVRIHFRQRPLFDQGVFLHQWLILFLQWHUHVW$WWKHVDPHWLPHWKLVLQIRUPDWLRQDOVHFWLRQKDVXWLOLW\LQ
WKHSKHQRPHQRQRIWKHVHWWLQJXSRIVRPHQHZEUHHGVVWDUWLQJIURPRWKHUEUHHGVZKLFKDUHPRUHRUOHVVGLVWDQWIURP
JHQHWLFSRLQWRIYLHZHVSHFLDOO\FRQFHUQLQJWKHFRPSDWLELOLW\RIWKHFURVVEUHHGLQJV\VWHPVZKLFKPXVWEHDSSOLHG
&RQFOXVLRQV
7KH DFFXUDWH TXDQWLI\LQJ RI WKH ELRORJLFDO UHODWLRQV DPRQJ WKH DXWRFKWKRQRXV VKHHS EUHHGV IURP 5RPDQLD
0HULQR 7VLJDL 7VXUFDQD DQG .DUDNXO ZDV SRVVLEOH E\PHDQV RI D FDOFXOXV DOJRULWKP FUHDWHG RQ WKH EDVLV RI
FRQFHSWVRIPDWKHPDWLFDODQGLQIRUPDWLRQDOVWDWLVWLFVZKLFKXVHGWKHIUHTXHQF\DQDO\VLVRIDOOHOHVEHORQJLQJWR
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 JHQHWLF V\VWHPV ILYH ELRFKHPLFDOJHQHWLF V\VWHPV KDHPRJORELQ EORRG SRWDVVLXP WUDQVIHUULQ DOEXPLQ DQG
DP\ODVHVL[LPPXQRJHQHWLFV\VWHPV$%&0'DQG52DQGWZRPROHFXODUJHQHWLFV\VWHPVβODFWRJOREXOLQ
DQGFDOSDVWDWLQ
7KHVL]HRI informational correlation coefficients Rx,yDQGgenetic distanceDSRLQWVRXWDKLJKJHQHWLFVLPLODULW\
GHJUHHDPRQJWKH0HULQRDQG7VLJDLEUHHGVRQWKHRQHKDQGDQGEHWZHHQ7VXUFDQDDQG.DUDNXOEUHHGVRQWKHRWKHU
KDQGLQH[FKDQJHDPRQJWKHEUHHGVEHWZHHQWKHWZRVKHHSJURXSVWKHUHDUHREYLRXVJHQHWLFGLIIHUHQWLDWLRQV
7KHDXWKHQWLFVL]HRIWKHLQIRUPDWLRQDOFRUUHODWLRQVDQGJHQHWLFGLVWDQFHVDPRQJWKHVKHHSEUHHGVLVSURSRUWLRQDO
ZLWKWKHQXPEHURIWKHSRO\PRUSKV\VWHPVWDNHQLQWKHFDOFXOXVDOJRULWKP
7KHYDOXHVRILQIRUPDWLRQDOFRUUHODWLRQDQGJHQHWLFGLVWDQFHVFRHIILFLHQWVDUHJLYHQE\WKHSHFXOLDULWLHVRIDOOHOHV
ZLWKLQ HDFK JHQHWLF V\VWHP QXPEHU WKH UDWLR DPRQJ WKHP WKHLU GLVSHUVLRQ ZLWKLQ V\VWHPV WKH SRO\PRUSKLVP
GHJUHHRIV\VWHPVHWF
7KHJHQHWLFVLPLODULW\DPRQJWKH5RPDQLDQVKHHSEUHHGVLVODUJHO\JLYHQE\WKHPROHFXODUJHQHWLFV\VWHPVZKLOH
WKH ELRFKHPLFDOJHQHWLF V\VWHPV FRQWULEXWH WR DQ REYLRXV GLIIHUHQWLDWLRQ DPRQJ WKHVH EUHHG WKH LPPXQRJHQHWLF
V\VWHPVVLWXDWHWKHUHODWLRQVDPRQJWKHDXWRFKWKRQRXVEUHHGVRQDQLQWHUPHGLDWHSRVLWLRQEHWZHHQWKHILUVWWZRW\SHV
RIJHQHWLFV\VWHPV
7KH JHQHWLF VLPLODULW\ RU GLIIHUHQWLDWLRQ GHJUHH DPRQJ WKH LQGLJHQRXV VKHHS EUHHGV ZDV HYDOXDWHG DV ZHOO LQ
ELGLPHQVLRQDOSODQE\cluster analysisCAmultidimensional scalingMDSDQGdiscriminatory analysisDA
7KH LQWHQVLW\ RI ELRORJLFDO UHODWLRQV DPRQJ WKH 5RPDQLDQ VKHHS EUHHGV VKRZV WKH FRPPRQ RU GLIIHUHQW
SDUWLFXODULWLHVRIWKHHQYLURQPHQWFRQGLWLRQVDQGRIWKHLPSURYHPHQWSURFHVVHVXVHGLQWKHEUHHGLQJWHFKQRORJLHVRI
WKHVHEUHHGV
7KHPHDVXUHPHQWRIPDWKHPDWLFDODQG LQIRUPDWLRQDO VWDWLVWLFVSDUDPHWHUVRQ WKHJHQHWLFEDVHV LVXVHIXO LQ WKH
SURFHVVRISUHVHUYDWLRQDQGLPSURYHPHQWRIWKHJHQHWLFSDWULPRQ\RIWKHH[LVWLQJEUHHGVEXWDOVRLQWKHSURFHVVRI
VHWWLQJ XS RI VRPH QHZ EUHHGV RIIHULQJ LQIRUPDWLRQ RQ WKH FRPSDWLELOLW\ RI WKH FURVVEUHHGLQJ V\VWHPV DPRQJ
EUHHGVZKLFKDUHPRUHRUOHVVFORVHRUPRUHGLVWDQWIURPJHQHWLFSRLQWRIYLHZ
$FNQRZOHGJHPHQWV
7KLVSDSHUZDVDFKLHYHGZLWKLQWKH3URMHFW$'(5ZLWKILQDQFLDOVXSSRUWIURPWKH0LQLVWU\RI$JULFXOWXUH
DQG5XUDO'HYHORSPHQWE\6HFWRULDO3ODQ$'(5
5HIHUHQFHV
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